An obligately aerobic, chemoheterotrophic, mesophilic prosthecate bacterium, designated strain CGM1-3EN T , was isolated from the enrichment cultures of forest soil from Cheonggyesan Mountain, Republic of Korea. Cells were Gram-reaction-negative, motile rods (1.3-2.4 mm long by 0.30-0.75 mm wide) with single flagella. The strain grew at 10-37 6C (optimum 25-30 6C) and at pH 4.5-9.5 (optimum 5.0-7.0). The major cellular fatty acids were C 16 : 0 , C 18 : 1 v7c 11methyl, C 12 : 1 3-OH and summed feature 8 (comprising C 18 : 1 v7c/C 18 : 1 v6c). The genomic DNA G+C content of strain CGM1-3EN T was 63.7 mol%. The closest phylogenetic neighbour to strain CGM1-3EN T was identified as Asticcacaulis biprosthecium DSM 4723 T (97.2 % 16S rRNA gene sequence similarity) and the DNA-DNA hybridization value between strain CGM1-3EN T and A. biprosthecium DSM 4723 T was less than 24.5 %. Strain CGM1-3EN T used Dglucose, D-fructose, sucrose, maltose, trehalose, D-mannose, D-mannitol, D-sorbitol, D-galactose, cellobiose, lactose, raffinose, fumarate, pyruvate, DL-alanine and glycerol as carbon sources. Based on data from the present polyphasic study, the forest soil isolate CGM1-3EN T is considered to represent a novel species of the genus Asticcacaulis, for which the name Asticcacaulis solisilvae sp. nov. is proposed. The type strain is CGM1-3EN T (5AIM0088 T 5KCTC 32102 T 5JCM 18544 T ).
are only present in strains of Brevundimonas. On the basis of the polar lipid analysis noted above and the recent characterization of novel species of Phenylobacterium (Abraham et al., 2008; Oh & Roh, 2012) , genera of the family Caulobacteraceae can be distinguished by their composition of polar lipids. Among these genera, Asticcacaulis comprises prosthecate bacteria with, at the time of writing, four recognized species: Asticcacaulis excentricus (Poindexter, 1964) , Asticcacaulis biprosthecium (Pate et al., 1973) , Asticcacaulis taihuensis (Liu et al., 2005) and Asticcacaulis benevestitus (Vasilyeva et al., 2006) . 4 weeks and isolation of strain CGM1-3EN T was performed using the same medium. The basal medium contained the following (per litre distilled water): 0.3 g KH 2 PO 4 , 0.3 g NH 4 Cl, 0.3 g MgCl 2 . 6H 2 O, 0.3 g CaCl 2 . 2H 2 O, 0.5 g yeast extract and 10 ml trace mineral element solution (DSM medium 318) . The type strains of species of Asticcacaulis (A. biprosthecium DSM 4723 T , A. taihuensis JCM 12463 T , A. benevestitus DSM 16100 T and A. excentricus DSM 4724 T ) and Brevundimonas vesicularis KCTC 12421 T were used as reference strains. Strain CGM1-3EN T and all reference strains were maintained at 30 u C with YPG medium containing (per litre distilled water) 1 g yeast extract, 1 g peptone and 1 g glucose.
The pH, temperature and NaCl tolerance for growth were determined using YPG medium. Growth was recorded by measuring OD 600 (pH, NaCl tolerance and substrate utilization) or OD 595 (temperature). Growth of strain CGM1-3EN T occurred at 10-37 u C (optimum 25-30 u C) and at pH 4.5-9.5 (optimum 5.0-7.0). Strain CGM1-3EN T did not grow on YPG medium with 1 % (w/v) NaCl. The aerobicity of the strains was investigated by cultivating under anaerobic conditions. The YPG medium for anaerobic cultures was prepared by purging it with argon gas and the atmosphere of the anaerobic culture bag was prepared using anaerobic pouches (GasPak EZ; BD). The anaerobic culture was in an anaerobic chamber (Type A Vinyl; Coy) and the strains did not show any growth under anaerobic conditions. Morphology was observed for cells grown on YPG at 30 u C. Cells were negatively stained and observed using transmission electron microscopy (CM 20; Philips). The morphology of cells of strain CGM1-3EN T is shown in Fig. 1 . The Gram reaction was determined using Gram staining and the KOH test (Johnson et al., 1995; Powers, 1995) .
Cellular fatty acid and polar lipid analyses were carried out using cells at the stationary phase grown on YPG at 30 u C for 3 days. Strain CGM1-3EN T and the reference strains were inoculated and harvested simultaneously. The cellular fatty acids of the strains were analysed as methyl esters using the Microbial Identification System (MIDI). The fatty acid methyl esters were prepared according to the MIDI standard protocol. The harvested cells were saponified with 1.5 % (w/v) NaOH in 50 % (v/v) methanol at 100 u C for 30 min. After saponification, methylation was carried out with 6 M HCl and methanol (13 : 11, v/v) at 80 u C for 10 min. The fatty acid methyl ester was extracted with hexane and methyl-tert butyl ether (1 : 1, v/v) then washed with 1.2 % (w/v) NaOH. The extracted fatty acid methyl esters were used for MIDI analysis. The major fatty acids of strain CGM1-3EN T were C 16 : 0 , C 18 : 1 v7c 11methyl and summed feature 8 (comprising C 18 : 1 v7c/ C 18 : 1 v6c) (Table 1) .
Polar lipids were separated as previously described (Komagata & Suzuki, 1987; Minnikin et al., 1984) . The harvested cells were resuspended with 2 ml of aqueous methanol. The aqueous methanol was prepared by adding 1 ml 0.3 % (w/v) aqueous NaCl to 10 ml methanol. Nonpolar lipids were removed by hexane extraction. The remaining cell mass and aqueous methanol was boiled for 5 min and then 2.3 ml chloroform/methanol/0.3 % (w/v) NaCl (90 : 100 : 30, v/v) was added to the biomass. After 1 h of mixing, the biomass was centrifuged and the supernatant was removed to a clean tube. Additional polar lipid extraction was carried out with 0.75 ml chloroform/ methanol/0.3 % (w/v) NaCl ( lipids were extracted with 2.6 ml chloroform and 0.3 % (w/ v) NaCl (1 : 1, v/v). The extracted polar lipids were air-dried and dissolved in chloroform and methanol (2 : 1, v/v). The polar lipids were separated using TLC with chloroform/ methanol/water (65 : 25 : 3.8, v/v) in the first direction and chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, v/v) in the second. TLC plates were developed using molybdatophosphoric acid, molybdenum blue, naphthol or ninhydrin. The major polar lipids of strain CGM1-3EN T were phosphatidylglycerol and glycolipid ( Fig. S1 , available in IJSEM Online). Comparing glycolipids of strain CGM1-3EN T with those of the type strains of recognized Asticcacaulis species and B. vesicularis KCTC 12421 T , strain CGM1-3EN T contained monoglycosyl-diacylglycerol but not diglycosyl-diacylglycerol ( Fig. S2 ).
Strain CGM1-3EN T exhibited no positive reactions in the API 50CH system (bioMérieux). Biochemical tests using API ZYM kits (bioMérieux) were performed according to the manufacturer's instructions. The strains were first grown on YPG at 30 uC for 3 days. Substrate utilization of the strains was determined by adding each carbon source (5 g l 21 ) in the modified basal medium in which the concentration of yeast extract was reduced to 0.1 g l 21 (Table 2 ). Using yeast extract was necessary because strains CGM1-3EN T and A. biprosthecium DSM 4723 T did not grow at all on the basal medium in the absence of yeast extract even with vitamins (DSM medium 141). The fermentation end products were analysed using a GC-FID machine (Agilent 6890N) equipped with an HP-INNOWax column (30 m 6 250 mm 6 0.25 mm; Agilent). Cells were cultivated using the modified basal medium with glucose (5 g l 21 ) at 30 u C for 3 days. The temperature of the oven was increased from 50 to 170 u C at a rate of 10 u C min 21 , and the temperature of the injector and the detector was set to 250 u C. Helium was used as the carrier gas. Strain CGM1-3EN T did not produce acetone, ethanol, butanol, acetic acid, propionic acid, butyric acid, valeric acid or hexanoic acid from glucose.
The genomic DNA of strain CGM1-3EN T was extracted using a G-spin genomic DNA extraction kit (Intron) according to the manufacturer's instructions. PCR amplification of the 16S rRNA gene was performed as described by Chun & Goodfellow (1995) . The 16S rRNA gene sequence of strain CGM1-3EN T was used as a query against the EzTaxon-e database Kim et al., 2012) and the 16S rRNA gene sequences of relatives were retrieved. Reconstruction and evaluation of the phylogenetic trees were performed as described previously . Alignment and phylogenetic analysis were performed using MEGA5 (Tamura et al., 2011) . Trees were constructed using the neighbour-joining, maximum-likelihood, UPGMA and maximum-parsimony methods. The evolutionary distance matrices were generated according to Jukes & Cantor (1969) . The branch stability of the phylogenetic tree was assessed by 1000 bootstrap neighbour-joining replications. The neighbour-joining phylogenetic tree showing the relationships between CGM1-3EN T and related strains is shown in Fig. 2 .
The EzTaxon-e search result and phylogenetic analysis indicated that strain CGM1-3EN T was a novel member of the genus Asticcacaulis. (95.7 %) . DNA-DNA hybridization between strain CGM1-3EN T and A. biprosthecium DSM 4723 T was performed by the microbial identification service of the DSMZ. Cells were disrupted using a Constant Systems TS 0.75 kW machine (IUL Instruments) and the DNA in the crude lysate was purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was carried out as described by De Ley et al. (1970) under consideration of the modifications described by Huss et al. (1983) , and using a model Cary 100 Bio UV/ VIS-spectrophotometer equipped with a Peltier-thermostatted 666 multicell changer and a temperature controller with in situ temperature probe (Varian). The DNA-DNA hybridization value between strain CGM1-3EN T and A. biprosthecium DSM 4723 T was less than 24.5 %, indicating that strain CGM1-3EN T does not belong to A. biprosthecium DSM 4723 T .
The DNA G+C content of the strains were determined using an HPLC machine equipped with YMC Pack ODS-A (150 mm 6 4.6 mm 6 5 mm) as described by Mesbah et al. (1989) . The extracted genomic DNA was treated with nuclease P1 and alkaline phosphatase. The treated genomic DNA was analysed by HPLC. The genomic DNA G+C content of strain CGM1-3EN T was 63.7 mol% (Table 2) .
Several phenotypic characteristics (Table 2 ) and cell morphology indicate that strain CGM1-3EN T represents a novel species of the genus Asticcacaulis. The phylogenetic tree reconstructed (Fig. 2) Cells are Gram-reaction-negative, obligately aerobic, motile rods (1.3-2.4 mm long by 0.30-0.75 mm wide) with single flagella. Colonies are ivory, creamy and circular. Growth occurs at 10-37 u C (optimum 25-30 u C) and at pH 4.5-9.5 (optimum 5.0-7.0). Utilizes D-glucose, D-fructose, sucrose, maltose, trehalose, D-mannose, D-mannitol, D-sorbitol, Dgalactose, cellobiose, lactose, raffinose, fumarate, pyruvate, DL-alanine and glycerol, but not D-xylose, D-arabinose, Larabinose, L-rhamnose, D-glucuronic acid, citric acid, DLthreonine, malic acid, lactic acid, oxalic acid, formic acid, acetic acid, propionic acid or butyric acid. Produces alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, Nacetyl-b-glucosaminidase and a-fucosidase. The major fatty acids are C 16 : 0 , C 18 : 1 v7c 11-methyl, C 12 : 1 3-OH and summed feature 8 (comprising C 18 : 1 v7c/C 18 : 1 v6c). The major polar lipids are phosphatidylglycerol and monoglycosyl-diacylglycerol.
The type strain, CGM1-3EN T (5AIM0088 T 5KCTC 32102 T 5JCM 18544 T ), was isolated from enriched cultures of forest soil from Cheonggyesan Mountain, Republic of Korea. The genomic DNA G+C content of the type strain is 63.7 mol%.
